To determine whether manure gases can influence onset of puberty in gilts, 42 crossbred gilts were reared from 10 to 40 wk of age on concrete slats over a 1.22-m deep pit that was drained and refilled with clean water biweekly (clean group). Forty-one gilts were reared over a similar type pit where manure was allowed to accumulate (control group). Treatments were in two separate rooms of the same building with similar feeding, water, floor space, lighting and room temperature. Ventilation fans with timer controls in each room were set so fans in the clean environment ran twice as long as fans in the control environment. Aerial concentrations of ammonia in the control room were fourfold higher than in the clean room (21 vs 5 ppm), while aerial concentrations of hydrogen sulfide were similar. Average daily gain and feed efficiency were similar for both groups [.69 vs .72 kg/d (P=.31) and 1.61 vs 1.54 kg feed/kg gain (F=.52)] . From 20 to 40 wk of age, all gilts were exposed to z mature boar three times weekly, utilizing four boars in rotation. Blood samples were collected weekly from each gilt by venipuncture and analyzed for progesterone to establish time of first ovulation. A greater proportion of gilts in the clean group attained puberty by 24 to 26 wk (P<.05) and 27 to 29 wk of age (P<.10) compared with the control group. At 20, 26 and 32 wk of age, 15 prepubertal gilts from each treatment were fitted with jugular cannulas, and blood samples were drawn at 20-min intervals for 4 h. Mean serum concentration of luteinizing hormone (LH) increased (P<.05) as gilts approached puberty but were not different (P=.60) between groups. No difference in frequency of LH secretory spikes (P=.41) or in mean serum concentrations (P=.56) of follicle stimulating hormone (FSH) was found as gilts approached puberty or between groups. Frequency of FSH secretory spikes did not increase (P=.43) as gilts approached puberty but was higher (P<.05) in control gilts. All gilts were slaughtered at 40 wk of age. Nasal turbinate and lung condition standard scores were similar between control and clean treatment groups (P=.20 and P=.46, respectively). In conclusion, a greater proportion of gilts reared in the clean environment reached puberty by 29 wk of age, although secretory patterns of serum LH and FSH were not altered.
outdoors (Meacham and Massincupp, 1970; Christenson and Ford, 1979; Rampacek et al., 1981) . While the cause of delayed puberty in gilts reared indoors remains unknown, factors such as nutrition (Robertson et al., 1951 ; Friend, 1976; Kirkwood and Aherne, 1985) , season (Mavrogenis and Robison, 1976; Christenson, 1981 ; Diekman and Hoagland, 1983 ) , exposure to a boar (Brooks and Cole, 1970; Zimmerman et al., 1974; Thompson and Savage, 1978) and genotype (Clark et al., 1970; Christenson and Ford, 1979; Hutchens et al., 1982) affect age of puberty in gilts. Recently, elevated ambient temperature was shown to delay age of puberty in gilts (Flowers et al., 1986) .
Environmentally regulated buildings present unique challenges in rearing of gilts. In addition to the altered artificial photoperiod and rigid social interactions, varying concentrations of odorous gases such as ammonia (NH 3) and hydrogen sulfide (H 2 S) are produced by anaerobic breakdown of animal wastes (Meuhling, 1970; Sutton and Nye, 1981; Donham et al., 1985) . Adverse effects of high concentrations of these gases upon swine health and growth have been reported (Curtis et al., 1975; Drummond et al., 1978 Drummond et al., , 1980 . The purpose of this experiment was to determine whether evolution of NH 3 and H2S during anaerobic breakdown of wastes in an environmentally regulated building influenced the onset of puberty in gilts, and whether this influence is mediated by changes in patterns of circulating gonadotropins.
Materials and Methods
Animals. Eighty-three crossbred gilts (Yorkshire x Hampshire x Chester White) born between August 1 and August 15, 1984 were randomly assigned to one of two treatment groups. Within each treatment group, gilts were assigned to one of six pens. Littermates and body weight of gilts were stratified across treatments and across pens within treatments. Mean weight of gilts at the start of the trial was 26.5 + .5 kg. Forty-two gilts were reared from 10 to 40 wk of age on concrete slats over a 1.22-m deep anaerobic pit that was drained and refilled with clean water biweekly (clean environment group). Forty-one gilts were reared over a similar pit in which manure was allowed to accumulate (control environment group). These treatment environments were in two separate rooms of the same building and had similar feed systems, water, floor space, lighting and room temperature (20 C). Each room was 34 x 10 m and each pen was 4.3 x 1.7 m. Ventilation fans with timer controls were set so that fans in the clean environment ran twice as long as fans in the control environment. Each room was equipped with three 45 m3/min fans and three 153 m 3/rain capacity fans as a negative pressure ventilation system. Each room also was equipped with two 45.7-cm diameter fan jet positive pressure ventilation tubes with 117 m 3/min capacity. In addition, each room was equipped with two 75,000-BTU propane heaters. All surfaces in the clean room were washed from floor to ceiling with a high pressure sprayer (84 kg/cm 2) at the beginning of the trial, and the clean pit was flushed three times to remove most of the solids. Six control pens were cleaned as part of routine management before the experiment was begun.
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Exchange of air between the rooms was minimized. The access doorway between rooms remained closed except during movement of workers and equipment from one end of the building to the other. The location of the six pens within the room was identical in each treatment with respect to orientation to windows and the ventilation system. All gilts received a 16% protein corn-soy diet from 10 to 14 wk of age and a 14% protein corn-soy diet from 15 to 40 wk of age. All gilts were weighed biweekly. Average daily gain of each gilt and feed efficiency within each pen were calculated.
Collection and Measurement of NH3 and H2S. Samples of air were obtained biweekly, usually the day before the clean pit was drained. Aerial NH 3 was measured by collecting air in a dilute sulfuric acid solution in a midget impinger to form ammonium sulfate ). An electrically operated, air sampling pump capable of drawing measured volumes of air through the solution was utilized 7. The ammonium sulfate solution was treated with Nessler reagent to produce a yellow-brown complex. Absorbance of the yellow-brown solution at 440 nm was compared with a standard curve of NH 3 concentration. Sensitivity of the method is .002 mg/m 3 (1.3 mg/m 3 = 1 ppm) of NH3; its range of application is 10 to 70 mg/m 3 of air. Aerial H 2 S concentrations were determined by absorbance at 664 nm of the solution after addition of N,N-dimethyl-p-phenylene diamine oxalate plus sulfuric acid followed by ferric chloride solution (APHA-AWWA-WPCF, 1980) . The H 2 S concentrations were read from a standard curve.
Boar Exposure. From 20 to 40 wk of age, all gilts were exposed to a mature boar for 15 min three times weekly. Four different boars were rotated across all pens for maximum stimulation. All boars were approximately one year of age at the start of the experiment and were of proven fertility. Boars were housed alternately in each of the treatment rooms to minimize the environmental effect on the boars.
Collection of Blood Samples. From 22 to 40 wk of age, weekly blood samples were collected from each gilt by venipuncture for analysis of progesterone. Serum concentration of progesterone greater than 1 ng/ml was used as an indicator that functional corpora lutea had been formed (puberty). At 20 to 21, 26 to 27 and 32 to 33 wk of age, 15 prepubertal gilts from each group were fitted with indwelling jugular catheters and blood samples were collected every 20 min for 4 h (Diekman and Hoagland, 1983) . Samples were placed on ice, transported to the laboratory and stored at 4 C overnight. Serum was harvested by centrifugation at 2,500 x g and stored at -20 C until analyzed by radioimmunoassay (RIA) for luteinizing hormone (LH) and follicle stimulating hormone (FSH) concentration.
Measurement of Lung and Nasal Turbinate
Damage. At 40 wk of age all gilts were slaughtered. Ovaries of each gilt were examined to confirm, by the presence of corpora lutea or corpora albicantia, whether ovulation had occurred. The lungs of each animal was examined grossly and the area of pneumonic lesions was shaded on a standard diagram. The percentage of total lung area involved was determined from the drawing. A grading scale of 0 to 5 was used to assign a score to the nasal turbinates of each gilt. A score of 0 indicated normal turbinates, 1 to 3 indicated slight to moderate degeneration, and a score of 4 or 5 indicated severe degeneration to complete loss of turbinates. Liver, kidneys and heart were also examined to assess general health.
Measurement of Serum Concentration of
Hormones. Serum concentrations of progesterone were measured by RIA (Niswender, 1973; Diekman and Hoagland, 1983) . Recovery of 3H_progesterone added to serum before extraction averaged 91.8%. Sensitivity of the assays was 5 pg/tube (50 pg/ml). Intra-assay and inter-assay coefficients of variation were 8.5 and 12.9%, respectively. Serum concentrations of LH from gilts during the three intensive sampling periods were determined by RIA with porcine LH (LER-786-3) as the radioiodinated antigen and standard (Niswender et al., 1970; Diekman and Hoagland, 1983) . All samples from a gilt were analyzed in duplicate in the same assay. Samples from each of the three intensive sampling periods were measured in each assay. Sensitivity of the assays was .04 ng/tube (.13 ng/ml); the intra-assay and inter-assay coefficients of variation were less than 10%. Serum concentration of LH was determined by RIA of the weekly venipuncture samples also.
Concentration of serum FSH from the three intensive sampling periods was measured by RIA (Van de Weil et al., 1981) with porcine uCB Bioproducts, Belgium.
FSH (RJR-II, A3-Cs) as the radioiodinated antigen and standard. Antisera UCB-1531 s was used. All samples from a gilt were analyzed in duplicate in the same assay. Sensitivity of assays was .2 ng/tube (1.0 ng/ml). Intra-assay and inter-assay coefficients of variation were 8.1 and 10.8%, respectively. Serum concentration FSH was determined by RIA of the weekly venipuncture samples also.
Statistical Analyses. The proportion of gilts that attained puberty in each group each week was compared by chi-square analysis (Steel and Torrie, 1980) . Mean concentrations of LH and FSH during each 4-h intensive sampling period and number of secretory spikes of LH and FSH were determined by first calculating a mean and SD for all samples from a gilt. Any value greater than 2 SD above the mean was removed and a new mean and SD were calculated. All values greater than 2 SD above the mean were again removed. This process was repeated until no additional values could be removed from the data set. The resulting mean was used as the baseline. Any value in the original data set greater than 2 SD above the baseline and followed immediately by a value greater than 1 SD above the baseline was considered a secretory spike. Age of puberty, weight at puberty, mean LH and FSH, and LH and FSH secretory spikes were analyzed by least squares analysis of variance (Harvey, 1975) . Data from gilts were pooled into five groups according to the number of days before puberty when each gilt had been sampled during the intensive period. These groups, therefore, reflected days relative to puberty and were used as a covariate in the overall analyses. Aerial NH 3 and H2S concentrations were compared at each sampling point by Student's t-test (Steel and Torrie, 1980) . Weekly LH and FSH concentrations were normalized to age of puberty for each gilt and treatment means compared each, from 10 wk before to 2 wk after puberty, using Student's t-test. Average daily gain, feed efficiencies, percent lung damage and nasal turbinate scores were compared by Student's t-test.
Results
Concentration of NH 3 in the control room were fourfold higher (P<.001) than in the clean room (21 vs 5 ppm), and concentrations of H 2 S were similar (P=.94) in both environments (1.3 vs 1.3 ppm) as shown in table 1.
Average daily gain for both treatment groups during each 2-wk period was similar (P=.32), .72 and .69 kg for the control and clean groups, respectively. As shown in table 2, feed efficiency was also similar (P=.52) for the two treatment groups in each 2-wk period (1.60 vs 1.54 kg feed/kg gain). A greater proportion of gilts in the clean environment reached puberty by 24 to 26 wk of age (P<.05) and from 27 to 29 wk of age (P<.10, figure 1). Mean age at puberty for gilts that attained puberty by 40 wk in the two treatment groups was not different (P=.70); treatment means were 250 + 5 vs 242 + 7 d for control and clean groups, respectively. Serum concentrations of LH increased as gilts approached puberty (P<.05, figure 2 ). There were no differences (P=.60) in serum concentrations of LH between the two treatment groups. Frequency of LH secretory spikes did not differ (P--.99) between the treatment groups or change with age (P=.41, figure 3 ).
Serum concentrations of FSH did not change as gilts approached puberty (P=.56) and were not different (P--.87) between the two treatment groups (figure 4). Frequency of FSH secretory spikes was low throughout (figure 5) and did not change as gilts approached puberty (P=.43). Frequency of FSH secretory spikes was lower (P<.01) in the clean group. Overall, nine FSH secretory spikes were detected in the control group, and one FSH spike was detected in the clean group. A total of 90 sets of serial samples were analyzed.
Serum concentrations of LH in the weekly samples from all gilts did not differ between the vary considerably between buildings and even within the same building, depending upon ventilation patterns, pit construction and chemical composition of the pit contents. Donham et al. (1985) described the conditions in 23 environmentally regulated building with respect to gas production and chemical composition of wastes. In these units, the production of odorous or toxic compounds such as NH 3 and H2S , rather than the more desirable CH4 production, was the predominant condition. Concentrations of aerial NH3 varied from 13 to 76 ppm in these buildings. Meyer (1985) reported that aerial NH 3 concentrations varied from 60 to 107 ppm in commercial swine facilities. These concentrations of NH 3 exceed the American Conference of Governmental Industrial Hygienists threshold limit values for exposure of human workers (ACGIH, 1984) . Therefore, the aerial NH3 concentrations in our study (20 ppm) could be considered relatively mild in comparison with other reports.
Adverse effects of high concentrations of NH 3 upon average daily gain and feed consumption have been reported (Stombaugh et al., 1969; Drummond et al., 1980) . Curtis et al. (1975) found that concentrations of 50 to 75 ppm did not affect rate of gain or adversely affect the health of young pigs. However, Drummond et al. (1978) showed that aerial NH3 at 50 to 75 ppm reduced the ability of young pigs to clear bacteria from their lungs.
As many as 50% of gilts experience delayed puberty when reared indoors, compared with gilts reared outdoors, without a significant difference in mean age of puberty (Rampacek et al., 1981) . In our study a greater proportion of gilts exhibited puberty by 29 wk of age when housed in an environment containing relatively lower aerial NH 3 concentrations. Because the number of gilts attaining puberty was equal for both groups by 30 wk of age, it appears that the suppressive effect of the environment subsided. Mean concentrations of NH 3 tended to decline from 25 to 29 wk of age in the control environment, and this change may have allowed more gilts to attain puberty.
The gradual increase in serum LH concentrations as gilts approach puberty agrees with previous reports (biekman et al., 1983 ; Lutz et al., 1984) . Previous work indicated that serum concentrations of FSH and frequency of FSH secretory spikes did not change as gilts approached puberty (Colenbrander et al., 1982; Diekman and Trout, 1984) . Although the frequency of FSH secretory spikes differed between the treatment groups in this study, only 10 secretory spikes were detected overall. Because of the very low numbers of secretory spikes of FSH, physiological significance cannot be assessed.
The influence of the presence of males upon reproductive performance of females has been well documented in rodents (Whitten, 1956;  bTurbinate scores assigned based upon scale from 0 to 5. Lamond, 1958; Bruce, 1965) , sheep (Riches and Watson, 1954; Watson and Radford, 1960) and swine (Brooks and Cole, 1970; Thompson and Savage, 1978) . Gilts in this study were exposed to mature boars to facilitate puberty through the stimulatory influence of the mature male. This influence is mediated by the olfactory system in rodents (Bruce, 1965) , sheep (Watson and Radford, 1960) and swine (Signoret and Mauleon, 1962) . Removal of the olfactory bulbs caused anestrus in cycling gilts (Signoret and Mauleon, 1962) and delayed puberty in prepubertal gilts (Awotwi and Anderson, 1982) . In our study the presence of odorous gases, such as NH 3, in the air environment of the swine building may have contributed to a delay in the onset of puberty in gilts. A direct effect on the endocrine regulation of the onset of puberty in the gilt, or on the growth and health of the gilt seems unlikely because mean concentrations of serum LH and FSH, frequency of secretory spikes of LH and FSH, rate of gain, and turbinate and lung condition scores did not differ between treatment groups. Therefore, it is possible that the ability of the gilts to perceive external olfactory cues from the boars was depressed (Curtis, 1972) . Results of this experiment indicate that moderate levels of odorous gases may interfere with the onset of puberty in gilts, perhaps through compounds that desensitize the olfactory system of gilts and thus interfere with reception or recognition of cues from the environment that are stimulatory to the onset of puberty.
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